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Available online 26 May 2016The supply of wood in Europe on a sustainable basis is highly relevant for forestry and related policies, particu-
larly in relation to (i) analysing global change mitigation strategies and carbon accounting (ii) establishing real-
istic forecasts and targets for wood resources, biomass and renewable energy and (iii) assessing and supporting
strategies for an increased use of wood.
Therefore, it is relevant to have robust information of the availability for wood supply. Themain aim of this paper
is to harmonize the concept of ‘forest available for wood supply’ (FAWS) at European level.
The data employed in this study was acquired through two questionnaires. The ﬁrst questionnaire, conducted
under the framework of COST Action FP1001 and a second questionnaire was completed by national correspon-
dents and members of the UNECE/FAO.
The analysis showed that reasons for the exclusion of forest from FAWS are diverse. Legal restrictions and specif-
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21I. Alberdi et al. / Forest Policy and Economics 70 (2016) 20–29A new FAWS reference deﬁnition is provided and the consequences of using this new deﬁnition in eight Europe-
an countrieswere analysed. Application of the proposed deﬁnitionwill increase consistency and comparability of
data on FAWS and will result in decreasing the area of FAWS at a European level.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The availability of wood is currently an important concern relevant
for several forest and related strategies. Discussions on climate change
and post-Kyoto negotiations are taking place, including the estimation
of carbon storage in forests, energy from wood and harvested wood
products (COST 4137/10, 2010). Wood is a key resource to be taken
into account for climate change mitigation because it can store carbon
aswell as be used as a replacement to fossil fuels. Additionally, availabil-
ity of wood supply is important due to the rapid growth in demand for
wood (EC, 2013), including for energy production (EC, 2009).
The importance of reporting on the availability of forests for wood
supply has gainedmore importance in the context of the recently adopted
Sustainable Development Goals (SDGs) and related indicators (Sachs,
2012). However, while the process has not yet been concluded, it can
be expected that the forest available forwood supply (FAWS)will be cen-
tral for the assessment of the sustainability level of forest management.
National Forest Inventories (NFIs) are the main information source
for the estimation of FAWS as well as the growing stock at national
level. The methods used to estimate FAWS nationally, are generally
based on the exclusion of forest areas according to restrictions (e.g.
protected areas, accessibility, etc.).
FAWS is one of the basic attributes collected through international
forest reporting. In 1948, ´Productive´ and ´unproductive´ forests were
included in the ﬁrst world report on forest resources, published by the
Food and Agriculture Organization of the United Nations (FAO). Over
time, meanings and contexts have changed; e.g. the set of applied
terms included (i) ‘productive’ and ‘unproductive’ (ii) ‘operable’ and ‘in-
operable’ (iii) ‘exploitable’ and ‘non exploitable’ forests. Despite the de-
veloping needs and context, ‘availability for wood supply’ has remained
one of the key characteristics of forest reporting and assessment.
Terms and deﬁnitions of FAWS and ‘Forest not available for wood
supply’ (FNAWS) established by FAO (1948) were modiﬁed in the
Kotka IIImeeting (Finland, 1996) by the expert consultative and adviso-
ry group for TheGlobal Forest Resources Assessment 2000 (UNECE/FAO,
2001a). The deﬁnition of FAWS established by Kotka III was the follow-
ing: “Forest where any legal, economic or speciﬁc environmental re-
strictions do not have a signiﬁcant impact on the supply of wood”.
Additionally, this deﬁnition was further qualiﬁed by specifying that
FAWS includes “areas where, although there are no such restrictions,
harvesting is not taking place, for example in areas included in long-
term utilisation plans or intentions”. In contrast, FNAWS was deﬁned
as “Forest where any legal, economic or speciﬁc environmental restric-
tions prevent any signiﬁcant supply of wood”.
Then, reporting on availability ofwood supplywas also addressed by
the processes to develop criteria and indicators (C&I) for sustainable
forest management (SFM). Related information appeared under the
two major C&I systems applied for temperate and boreal countries, i.e.
FOREST EUROPE (MCPFE, 2002) and Montréal Process (Montréal
Process, 2009). In the pan-European system (FOREST EUROPE) the ´
availability for wood supply´ is not a separate indicator but it serves as
a means to breakdown several indicators, including: forest area, grow-
ing stock, forest age/diameter structure, fellings and growth. A direct
reference to ‘availability for wood supply’was provided under Indicator
3.1 (Increment and fellings) according to which this indicator “high-
lights the sustainability of timber production over time as well as the
current availability and the potential for future availability of timber”.
In addition to the Global Forest Resources Assessment 2000 (UNECE/
FAO, 2001a), the FAWS deﬁnition established in Kotka has been used forreporting in Temperate and Boreal Forest Resources Assessment
(TBFRA) 2000 (UNECE/FAO, 2001b), in the State of Europe's Forests
(SoEF) 2003 (MCPFE, UNECE and FAO, 2003), SoEF 2007 (MCPFE,
UNECE and FAO, 2007), SoEF 2011 (FOREST EUROPE, UNECE and FAO,
2011) and SoEF 2015 (FOREST EUROPE, 2015).
European forests (excluding the Russian Federation) cover an area of
210million ha (32.8% of land area), and themajority of this area (79.3%)
is reported as being available for wood supply. The proportion of FAWS
related to forest area of European sub-regions are reported as follows:
Central-West 94.1%, South-West 81.0%, North 78.0%, and South-East
74.1%. Central-East Europe (70.4%) is the sub-region with the lowest
share of forests available forwood supply (FORESTEUROPE, 2015). Nev-
ertheless, the national estimates reported to FOREST EUROPE that are
aggregated to a sub-region are of limited comparability, as will be
shown in this study.
Trends in FAWS are highly relevant for analysing the productive ca-
pacity of Europe's forest resources, however long term comparability is
strongly hampered by a lack of consistency among data between coun-
tries and reporting methods over reporting cycles. An attempt to over-
come these obstacles is the study by Gold (2003), which was prepared
in the course of the production of the European forest sector outlook
study (EFSOS I) (UNECE/FAO, 2005) and presents long-term historical
trends in forest area for the majority of European countries from the
1950's to 2000. The area of FAWS in these countries increased by
about 6% percent over this period. However, the study did not address
the problem of data comparability between countries.
It is important to highlight that there are large-scale models such as
the European Forest Information Scenariomodel (EFISCEN) (Nabuurs et
al., 2007; Sallnäs, 1990; Schelhaas et al., 2007; Verkerk et al., 2011),
which simulate future FAWS resources under assumptions of future
wood demand and a given management regime (rotation lengths, resi-
due removal). These large-scale models generally use NFI data as the
basis for calculations and enable the assessment of impacts of different
policy and management strategies at European level.
The initial objective of international reporting on the availability of
wood supply was apparently clear: to distinguish areas (and related
variables) where wood could be harvested from those where it could
not. However, the managerial approaches are much more complex
and the provision of consistent national data according to the proposed
deﬁnition and classiﬁcation of forest area as available or not available for
wood supply poses many challenges. National correspondents and
other specialists in forest reporting lack detailed reference deﬁnitions
and restriction thresholds.
This paper aims to: (i) discuss and clarify the concept of FAWS; (ii)
analyse the consistency of international information on FAWS; (iii)
and provide recommendations for NFI data harmonization derived at
the European level. The proposed deﬁnition of FAWS outlined will con-
tribute to the harmonization of NFI results and the consistency of data
collected internationally thereby enhancing the quality of the political
decisions not only in forest management but also in thewood and ener-
gy sectors.
2. Material and methods
The data employed in this study to assess possible harmonization of
FAWS at European level were acquired through two different sources:
1) a questionnaire and accompanying country status reports produced
by NFI experts under the framework of COST Action FP1001 (Improving
data and information on the potential supply of wood resources: a
22 I. Alberdi et al. / Forest Policy and Economics 70 (2016) 20–29European approach from multisource national forest inventories) and 2) a
questionnaire completed by the UNECE/FAO Team of Specialists (ToS)
on Monitoring Sustainable Forest Management (SFM) hereafter re-
ferred as ToS-SFM questionnaire.
2.1. COST Action FP1001 questionnaire
The COST Action FP1001 questionnaire was based on procedures
adopted by countries for the estimation of FAWS areas and growing
stock. Respondents to this questionnaire included NFI delegates from
29 European countries (Fig. 1). The questions were designed to acquire
information regarding: (i) the concept and national deﬁnitions of FAWS
through open questions: (ii) the willingness to ﬁnd a harmonized deﬁ-
nition and adopt it through single-choice questions; (iii) the aim of
FAWS estimation for national and international reporting through
open questions; (iv) a description of restrictions and their thresholds
considered in each country to deﬁne FAWS through single-choice ques-
tions; (v) themethodology and sources of information used for the cal-
culation of FAWS estimates in a combination of single-choice and open
questions. Four restriction classes were proposed to estimate FNAWS
and FAWS: (i) legal; (ii) physiographic; (iii) environmental and biodi-
versity conservation; (iv) management and harvesting technology.
Three key questions in the questionnaires were analysed: (i) different
restrictions used for international reporting for each country to estimate
FAWS (national deﬁnition); (ii) the relative importance of each restric-
tion considered by different countries, even if they were not included in
their national deﬁnition; (iii) the availability of information for each re-
striction within each country.
2.2. ToS-SFM questionnaire
The questionnaire completed by national correspondents and the
UNECE/FAO ToS on Monitoring SFM members was developed in 2012
andwas answeredby30European countries (Fig. 1). This questionnaire in-
cluded a multiple-choice question for which respondents were asked to
identify which of the following seven different forest categories were ex-
cluded from FAWS when reporting for SoEF 2011: ‘protected areas’,Fig. 1. Countries participating in COST Action FP1001 questionnaire on forest available for wo
UNECE/FAO Team of Specialists on Monitoring Sustainable Forest Management (30 countrie
black colour, countries answering only the UNECE/FAO questionnaire are shaded in light grey‘protective forest’, ‘key habitats’, ‘areas with low productivity/low wood
quality’, ‘areaswith high harvesting costs/poor access’ and ‘other restricted
areas’ (e.g. military). Respondents were also asked in an open question
whether these categorieswere expected to beexcluded in future reporting.
2.3. Data analysis and case studies
Responses to both questionnaires were summarised using percent-
ages estimated using the number of countries and also their forest
area to evaluate the results.
Taking into consideration both sources of information, a reference
deﬁnition for FAWS was established according to COST E43 recommen-
dations (Vidal et al., 2008) applying a consensus process including all
NFIs involved in COST FP1001. This reference deﬁnition, agreed by Euro-
peanNFIs, was establishedwith the followingobjectives: itmust be con-
cise, data or information with adequate accuracy must be available and
methods to convert estimates from the national deﬁnitions to the refer-
ence deﬁnition must be available or be established (Ståhl et al., 2012).
Additionally, economic restrictions were analysed by NFI experts
(under the framework of COST Action FP1001), who deﬁned through
their expert judgment, a reference threshold range (delimited by amax-
imum and a minimum) of the restrictions for European countries indi-
cating the critical interval values in European countries to deﬁne an
area as FAWS or FNAWS.
Finally, to demonstrate the impact of the new reference deﬁnition,
the change in FAWS area in relation to the total area of forest was eval-
uated. A comparative analysis was undertaken between the reported
area of FAWS in SoEF2010 (FOREST EUROPE, UNECE and FAO, 2011),
SoEF2015 (FOREST EUROPE, 2015) and results according to the new ref-
erence deﬁnition. This analysis was performed for eight representative
European countries: Iceland, Ireland, Italy, Portugal, Romania, Spain,
Sweden and Switzerland. The eight countries included in this study
were selected as they vary in size, climatic conditions, topography,
and conditions of forest sector. In Iceland, the NFI was not launched
until 2005 and the comparison was completed using a subsample of
the total forest area (i.e. cultivated forest and the natural birch forest).
Data for the other countries were collected for the whole forest area.od (supply by 29 European countries) and questionnaire completed by members of the
s). European countries answering only COST FP1001 Action questionnaire are shaded in
while European countries answering both questionnaires are shaded in grey.
Table 1




Forests with productive character.
Belgium National forest area with the exception of the forest with slope above 15% non-productive forest land and additionally roads, mud, moors, pools and
rivers which are part of the forest.
Switzerland Forest where tree felling is physically and legally possible, even if it is difﬁcult and not economically proﬁtable. No condition on site productivity
Czech Republic Forest land according with forest law considering its prevalent function.
Germany Forest without signiﬁcant restrictions on wood. Restrictions on use exist if the possible uses of timber cannot all be taken advantage of. This includes
restrictions on the use of timber both due to legal regulations or other external reasons.
Restrictions on use categories: no restriction on the use of timber; use of timber not authorized or not to be expected; approx. 1/3 of the usual harvest to
be expected; approx. 2/3 of the usual harvest to be expected
External reasons for the restriction on use categories: no external restrictions on use; nature conservation; protection forest; recreational forest; other
external reasons
Internal reasons for the restrictions on use categories: no internal restrictions on use; split ownership of uneconomic size; stand-alone location;
insufﬁcient accessibility; site characteristics, wet location; little expected yield (mean total increment b1 m3/yr ∗ ha); areas protected at owners
discretion (e.g. natural forest reserves); other internal reasons
Estonia All forests not strictly protected.
Greece Productive or Industrial forests
Spain Forest land where legal restriction, site conditions and speciﬁc environmental restrictions has a signiﬁcant impact on the supply of wood. Legal
restrictions comprise all the forest area apart from Protected Areas (National parks, nature parks, reserves and others).
Finland Similar to SOEF deﬁnition. For each speciﬁc LU category or protection programme is deﬁned, is it a) fully AWS, b) semi-AWS c) non-AWS
France Forest where tree felling is physically and legally possible, even if it is difﬁcult and not economically proﬁtable. No condition on site productivity
Ireland Forest where any legal, economic, or speciﬁc environmental restrictions do not have a signiﬁcant impact on the supply of wood. Includes: Areas where,
although there are no such restrictions, harvesting is not taking place, for example areas included in long-term utilisation plans or intentions.
To date no consideration has been given to economic aspects.
Lithuania Exploitable forest with usual environmental restrictions. Includes protective (III group of forests) and commercial (IV group) forests, excluding forests
with nature monuments, zones surrounding nests of rare birds, other valuable cultural, historical objects.
Latvia Forests where forest management as such or speciﬁc measures are not limited by regulations, including environmental restrictions (like buffer zones),
nature conservation restrictions or regional planning (like cultural heritage) related restrictions.
Netherlands Forests including even aged and uneven aged standing forest, standing forest in transition (plantation appearance to more natural forest) and clearcuts.
On top of this the area of standing forest that is set aside as strict forest reserves as subtracted from the area. If actual harvesting takes place does not have
any consequences for the allocation to FAWS.
Portugal It comprises all the forest area, with the exception of cork and holm oak areas, in which wood harvest has strict restrictions and the “Laurisilva” forest,
and conservation areas where harvesting is strictly prohibited.
Romania Forest with production functions, situated at a distance smaller than 1.2 km from a (forest) road.
Serbia In FAWS category belongs all forests which are not in ﬁrst regime of protection (rare species of ﬂora and fauna, cultural and heritage areas) and also
forests which are accessible for forest mechanization
Slovenia Forests are divided into multipurpose forests, special purpose forests with legal restrictions which exclude or limit wood production, forests with
protective functions.
Turkey Similar to SOEF deﬁnition.
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3.1. National deﬁnitions analysis. COST action FP1001 questionnaire
The analysis of the COST Action FP1001 questionnaire revealed that
66% of the countries already have a national deﬁnition for FAWS
(encompassing 63% of the total forest area of the analysed countries),
while 24% of the countries have adopted the SoEF deﬁnition (FOREST
EUROPE, UNECE and FAO, 2011). Only 10% of the countries have not de-
veloped a FAWS deﬁnition for national purposes (although the SoEF
deﬁnition is used for international reporting). National deﬁnitions of
FAWS differ considerably (Table 1), the most prevalent restrictions
vary from legal, to environmental, to economic or a combination of all
three. For instance, the Romanian national deﬁnition of FAWS is “Forest
with productive functions according to technical norms for forest man-
agement planning, situated at a distance of less than 1.2 km from a for-
est road” while the Estonian deﬁnition is “All forests not strictly
protected” and the deﬁnition applied in France and Switzerland is “For-
est where tree felling is physically and legally possible, even if it is difﬁ-
cult and not economically proﬁtable. No condition on site productivity”.
Already these three deﬁnitions demonstrate the great diversity in the
concept of FAWS.
The “availability” component of FAWS was not equally interpreted
by all countries as it could be considered as ‘potential availability’, ‘cur-
rent availability’ or even as a period of time such as the rotation period
(Fig. 2). Austria considers this concept within a period of time,while the
rest of the countries are divided into two almost equal groups; either
potentially or currently availability. Some countries (Croatia, Denmark,Finland, Slovenia and the Netherlands) considered both, potential and
current availability, in their assessment.3.2. The willingness of countries to reach a harmonized reference deﬁnition.
COST Action FP1001 questionnaire
Another important aspect is the willingness of countries to agree on
a harmonized reference deﬁnition and then adopt it. N85% of the coun-
tries (representing 83% of the total forest area of the considered coun-
tries) indicated the possibility of adopting of the SoEF deﬁnition
compatible with national information sources, while 90% found it feasi-
ble to adopt a future agreed reference deﬁnition. It is important to note
that 55% of countries estimate FAWS only for the international
reporting, while 45% also use this information for national purposes.3.3. Restrictions to estimate forest available for wood supply. COST Action
FP1001 questionnaire
The restrictions taken into account by the different countries are di-
verse (Fig. 3). More than half of the countries consider legal restrictions
associatedwith ‘Protected areas’ and ‘Protected species’ as well as phys-
iographic restrictions, ‘slope’ and ‘accessibility’. On the other hand, b20%
of the countries use management and harvesting restrictions such as
‘harvest technology’ and ‘harvest cost’. As regards to the percentage of
forest area in which these categories are taken into account, the values
are quite similar.
Fig. 2. Interpretation of the term “available” in ‘forest available for wood supply’ by 29
European countries. Percentage of the countries and percentage of the forest considering
FAWS in terms of “potential”, “current” or a time period (rotation or management plan).
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ent depending on the country. ‘Protected areas’ and ‘protected species’
are related to country speciﬁc law and ecological conditions.
Some restrictions such as ‘accessibility’ have quite different deﬁni-
tions and thresholds. As already mentioned, in Romania an area is con-
sidered accessible when the distance of the forest compartment is
b1.2 km from a forest road. In Italy, accessibility andwood supply feasi-
bility are estimated subjectively by the NFI crews in the ﬁeld based on
local conditions, although no speciﬁc variables and thresholds are given.
As regards to the restriction ‘slope’, Slovenia applies a threshold of
35% while Spain uses the exploitation threshold of 45–50%, which in
the Atlantic area can reach 75–80% and in Switzerland, steepness of
slope is not a restriction for wood harvesting.
The importance of each restriction considered by the different coun-
tries has also been analysed in terms of the percentage of the total num-
ber of countries that applied these restrictions, and the percentage of
their forest area (Fig. 4). Regarding the percentages of countries, the ﬁg-
ures are the following: ‘protected areas’ (93%), ‘slope’ (86%), ‘accessibil-
ity’ (79%), ‘riverbank’ (76%), ‘protected species’ (76%), ‘erosion’ (69%),Fig. 3. Percentage of 29 European countries considering each restriction in their national deﬁnit
graph shows the percentage of the number of countries while the second bar shows the percen
(countries): percentage of countries not considering the restriction; n/a (countries): informa
considered; No (forest area): percentage of forest area in which the restriction is not considere‘age or diameter classes’ (62%), ‘cultural’ (59%), ‘ﬂooded areas’ (55%)
and ‘ownership’ (52%). Restrictions related to ‘harvest cost’ and ‘harvest
technology’, ‘spiritual interest’, and ‘expected silvicultural treatment’
were only considered as relevant by a small number of countries. Fig.
5 shows the information available to estimate FAWS for each restriction.
It is important to note that harvest cost and harvesting technologywere
only taken into consideration by a small number of countries and in a
small part of the forest area (24% and 29% respectively for ´harvest
cost´ and 31% and 26% respectively for ´harvesting technology´).
3.4. Sources of information to estimate forest available for wood supply.
COST Action FP1001 questionnaire
The main sources of information used by the different countries to
estimate the area of FAWS and FNAWS are NFI plots (52%) and national
maps (42%), although other sources are sometimes used (Fig. 6). Most
of the restrictions are estimated with a similar percentage for both
main sources of information. A higher percentage of the data regarding
‘accessibility’, ‘age or diameter classes’, ‘slope’ and ‘expected wood
quantity’ are estimated from NFI plot information. As regards the
sources of information available to estimate the restrictions which are
not included in national FAWS deﬁnitions, 56% could be estimated
fromNFI plot informationwhile maps could be used in 39% of the coun-
tries (Fig. 7).
3.5. Analysis of restrictions to estimate forest available for wood supply. ToS
on monitoring SFM questionnaire
The analysis of the ToS questionnaire revealed that in 50% of the
countries ‘protected areas’ are excluded from FAWS. However 70% of
all countries are able to exclude protected areas from FAWS in future as-
sessments representing the same percentage in forest area (Table 2).
Each oneof the following area classes is excluded fromFAWSestimation
by one third of all countries: ‘protective forests’, ‘key habitats’ and ‘other
restricted areas’ (e.g. military). ‘Protective forests’ are managed in dif-
ferent ways depending on the protective function and on theion aswell as percentage of forest area inwhich each restriction is considered. The ﬁrst bar
tage of forest area. Yes (countries): percentage of countries considering the restriction; No
tion not available. Yes (forest area): percentage of forest area in which the restriction is
d. n/a (forest area): information not available.
Fig. 4.Percentage of 29 European countries considering each restriction relevant for their country andpercentage of forest area inwhicheach restriction is considered relevant. Theﬁrst bar
graph shows the percentage of the number of countries while the second bar shows the percentage of forest area. Yes (countries): percentage of countries considering the restriction
relevant; No (countries): percentage of countries considering the restriction not relevant; n/a (countries): information not available. Yes (forest area): percentage of forest area in
which the restriction is considered relevant; No (forest area): percentage of forest area in which the restriction is considered not relevant. n/a (forest area): information not available.
25I. Alberdi et al. / Forest Policy and Economics 70 (2016) 20–29management regime. In this paper, when protective forest is men-
tioned, it refers to those areas where harvesting is currently not taking
place or is not signiﬁcant. The number of countries considering ‘protec-
tive forests’, ‘key habitats’ and ‘other forest’ in FAWS estimation is ex-
pected to increase by 10–20% in future (due to the information
currently available, Table 2). On the other hand, ‘areas with lowFig. 5. Information availability. Percentage of 29 European countries which have enough nation
number of countries while the second bar shows the percentage of forest area. Yes (countrie
(countries): percentage of countries not having enough information to estimate the restrictio
in which countries have available information to estimate the restriction; No (forest area): pe
restriction. n/a (forest area): information not available.productivity or low quality of wood’, which are excluded from FAWS
were reported by 20% of countries and could increase to 27% in the fu-
ture. ‘Forest areas with high harvesting cost or poor access’ excluded
represent 17% of the total FAWS area( or 12% of the forest area) nation-
ally and this ﬁgure could also increase to 27% of the total FAWS area (or
16% of the total forest area) in the future.al information to estimate each restriction. The ﬁrst bar graph shows the percentage of the
s): percentage of countries having available information to estimate the restriction; No
n; n/a (countries): information not available. Yes (forest area): percentage of forest area
rcentage of forest area in which countries have not enough information to estimate the
Fig. 6. Percentage of countries using different sources of information to estimate the
restrictions of FAWS considered in their national deﬁnitions.
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With regard to the international deﬁnitions and the results obtained
in a European context, a reference deﬁnition for FAWS including details
on restriction classes as well as a number of recommendations for their
assessment has been proposed:
Forests where there are no environmental, social or economic re-
strictions that could have a signiﬁcant impact on the current or potential
supply ofwood. These restrictions could be based on legal acts,manage-
rial owners' decisions or other reasons.
– Environmental restrictions should consider: protected areas,
protected habitats or species, and also those protective forestsmeet-
ing the above requirements. Age or diameter class restriction should
not be taken into account (except in the case of protected ancient
forest).
– Social restrictions include restrictions to protect aesthetic, historical,
cultural, spiritual, or recreational values as well as areas where the
owner has made the decision to cease wood harvesting in order to
focus on other goods and services (e.g. leisure, landscape, aesthetic
value).
– The economic restrictions are considered as those affecting the eco-
nomic value of wood utilisation (proﬁtability). These includes:Fig. 7.Percentage of countries using thedifferent sources of information that could beused
to estimate FAWS restrictions.accessibility, slope and soil condition. Short-term market ﬂuctua-
tions should not be considered.
Reporting notes:
A signiﬁcant impact occurs when harvesting is totally prohibited or
when restrictions severely limit the feasibility of cuttings for commer-
cial purposes.
When restrictions do not severely limit commercial utilisation of
wood in an area, it should be considered available for wood supply
even if current harvesting is for auto-consumption or no harvest at all
is taking place. Conversely, when restrictions limit the feasibility of
commercial wood utilisation, even if there is occasional cuttings for
auto-consumption or other small-scale interventions of a non-commer-
cial nature, the forest should be considered as FNAWS.
Regarding the assessment of availability for wood supply, the fol-
lowing recommendationswere proposed for reporting: (i) the three dif-
ferent categories should be accounted for separately if possible
(environmental, social, and economic); (ii) restrictions considered for
each category should be detailed if possible (e.g. protected areas,
protected species).
Table 3 shows the referencemaximum andminimum thresholds for
the proposed aspects affecting proﬁtability of wood utilisation and
which are therefore used to assess economic restrictions. Expert judg-
ment was used to deﬁne the proposed aspects in the framework of
COST Action FP1001 and these account for differences among European
countries.
3.7. Impact of the reference deﬁnition on the assessment of FAWS
The proposed reference deﬁnition was applied in a sub-set of coun-
tries and compared to the areas of forest and FAWS reported in SoEF
2010 (FOREST EUROPE, UNECE and FAO, 2011) and SoEF 2015
(FOREST EUROPE, 2015). In the case of Iceland, Portugal, Spain and Swe-
den the new reference deﬁnition of FAWS results in a lower ratio (FAWS
area/forest area) than the one reported for SoEF (Table 4) due to the fact
that some of the restrictions were not considered for SoEF reporting. In
the case of Italy, the reference deﬁnition ﬁt the national deﬁnition. The
greatest differences between both deﬁnitions are observed in Iceland,
Spain and Portugal. There are still more aspects (like the inclusion or
not of social restrictions) showing that theﬁgures considering the refer-
ence deﬁnition need to be further harmonized to obtain comparable Eu-
ropean information (Table 4).
4. Discussion
The division of all forests into either ‘available’ or ‘not available’ for
wood supply is a vital part of the forest assessment process. Since the
beginning, it has been important for regulating harvest levels and for
evaluating the efﬁciency of timber production (EC, 2013). Its impor-
tance increased, with the growing role of carbon management and re-
lated reporting.
FAWS is considered oneof the basic characteristics collected through
international forest reporting, however, different countries have applied
the international deﬁnitions provided by FRA 2000 (UNECE/FAO,
2001a) and SoEF (FOREST EUROPE, UNECE and FAO, 2011) in quite dif-
ferent ways. As a result, the estimations provided by the pan-European
reporting do not facilitate comparisons between national ﬁgures. To
some extent this could be the result of the lack of a clear speciﬁcation
if information about current or potential availability of timber is expect-
ed, which results in different interpretations of the deﬁnition by various
countries. Gold (2003) showed inconsistencies for international
reporting on FAWS in long-term historical data series indicating the
need of addressing the issue of comparability of data between different
countries.
Table 2
Percentage of 30 countries and percentage of their forest area considering each forest area classiﬁcation (protected areas, protective forest, key habitats, other restricted areas e.g. military,
areas with low productivity or low wood quality, areas with high harvesting costs or poor access, other forests e.g. recreational) in their national estimation of forest available for wood
supply and the percentage of the countries and percentage of their forest area which have information available to estimate each one of the forest area classes. ToS on Monitoring SFM
questionnaire.
Considered in national deﬁnition Available information
Ncountries (%) Forest area (%) Ncountries (%) Forest area (%)
Protected areas 50 64 70 76
Protective forests 33 36 47 37
Key habitats 33 47 40 51
Other restricted areas (e.g. military) 30 42 47 58
Low productivity or low wood quality 20 25 27 37
High harvesting costs or poor access 17 12 27 16
Other forests (recreational) 45 50 53 62
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accuracy and consistency of FAWS estimates among countries are the
different interpretations of the terms “availability” and “signiﬁcant” in-
cluded in the international deﬁnitions (FOREST EUROPE, UNECE and
FAO, 2011). Also the availability and accuracy of the information used
nationally to generate restriction estimates for reporting is an impedi-
ment to harmonization.
Confusion exists with regard to the time frame for assessing FAWS
and therefore different interpretations of the “availability” term are
prevalent. Opinions vary as to whether it should be assessed in accor-
dance with the current situation, potential situation or a given time pe-
riod. Additionally, the SoEF (FOREST EUROPE, UNECE and FAO, 2011)
deﬁnition of FAWS includes “areas where harvesting is currently not
taking place, for example areas in long-term utilisation plans or inten-
tions”. This mean that the restriction “age or diameter class” (i.e. exclu-
sion of young forests below commercial felling thresholds of FAWS)
should not be considered to determine FAWS area. Consequently, the
restriction “age or diameter class” was not considered in the reference
deﬁnition of FAWS (with the exception of protected ancient forests).
Nevertheless this concept is interpreted in different ways. For example,
30% of the countries include this restriction in their national deﬁnition
and N60% consider it to be relevant, even if it is not included in their def-
inition. Additionally, it should be highlighted that some restrictionsmay
change over time (e.g. accessibility of forest or legal restrictions such as
protected areas) thus affecting the FAWS estimates.
An interpretation of “signiﬁcant impact on wood supply” is not in-
cluded in either the SoEF deﬁnition or explanatory notes (FOREST
EUROPE, UNECE and FAO, 2011). Such uncertainty allows countries to
interpret the deﬁnition in different ways. For example, Ireland stresses
that in theory, they “do not have any areas which are not available for
wood supply” as there are no strict laws that completely exclude har-
vesting operations. In Switzerland, harvesting can theoretically occur
in almost all forests except in reserves/national parks. For this reason,
the reference deﬁnition speciﬁes that a signiﬁcant impact occurs when
harvesting is totally prohibited or when restrictions severely limit the
feasibility of cuttings for commercial purposes. Even more, it has been
stated in the reporting notes when to consider forest areas as FAWS or
FNAWS. When restrictions limit the feasibility of commercial wood
utilisation, even if there are occasional cuttings for auto-consumption
or other small-scale interventions of a non-commercial nature, theTable 3
Maximum and minimum common thresholds of economic restrictions to estimate FAWS
established through expert judgment in the framework of the COST Action FP1001.
Restriction Unit Minimum Maximum
Slope % 35 140
Distance from road m 400 2000
Mean annual increment (m3/ha ∗ yr) 1 3forest should be considered as FNAWS. Nevertheless, there are certain
countries such as Bosnia and Herzegovina or Greece where FAWS em-
braces all forest deﬁned as by national deﬁnitions as ‘productive’.
Availability of information aswell as its accuracy is often unclear and
must be further analysed. In some countries FAWS is assessed through
forest management plans which do not cover the whole forest area.
Moreover, data needed for the assessment of all required restrictions
is unavailable in many countries. Especially for the assessment of ‘eco-
nomic restrictions’. Site related restrictions have been included in the
reference deﬁnition as proxy: accessibility, slope and soil condition.
However it would be relevant to include a restriction considering prof-
itability. Growth and productivity were evaluated, but there are special
cases such as low growth, high prices and high growing stock where
these indicators are not necessarily restrictions. Nevertheless there are
countries, such as Lithuania orNorway, that includeproductivity criteria
as a restriction. As a consequence, potential wood quality (Zhang, 2003)
in situ was proposed as a possible suitable indicator due to the possible
impacts of its attributes on wood utilisation.
Furthermore, the delimitation of the forest area that should be ex-
cluded from FAWS is not deﬁned for certain restrictions (e.g. protected
landscape areas in Italy where the protection law exists and speciﬁes
the landscapes but not the boundaries of these landscapes).
The harmonization of each restriction is highly challenging, even
when all the information is available. For instance, ‘slope’ is available
for most of the countries but it can be understood as plot slope, average
slope, etc. Another restriction for which most countries have informa-
tion on is that of ‘protected areas’. In this case, it is not clear which clas-
siﬁcation is used and how the classes are applied to separate areas
where active management is not allowed. As a result, national interpre-
tation/classiﬁcation is currently required to determine FAWS areas.
Deﬁnitions must be more concise to avoid overlaps. In the SoEF
(FOREST EUROPE, UNECE and FAO, 2011) deﬁnition, overlaps between
the considered restrictions might occur, for instance between legal
and environmental restrictions in ‘protected areas’ or ‘protective forest’.
Therefore it is important to differentiate three dimensions in the refer-
ence deﬁnition: the wood supply (current and potential), the nature
of the restriction (environmental, social and economic), and the charac-
ter of the restriction (legal, administrative, managerial/owner's decision
and others). In the reference deﬁnition two main recommendations
were proposed for reporting if possible: (i) the nature of the restriction
should be accounted for separately; (ii) restrictions considered for each
category should be detailed (e.g. protected areas, protected species).
These metadata will improve data comparability of national estimates.
It is noteworthy to mention that there are links between nature conser-
vation measures (e.g. management plans for Natura 2000 sites) and the
restrictions that should be considered for FAWS estimation.
The impact of applying the proposed FAWS reference deﬁnition on
the countries, included in the analysis, shows that this deﬁnition is cru-
cial to provide comparable information and it will affect (or has already
Table 4
Percentage of Forest available for wood supply (FAWS) of the total forest at national level in seven European countries according to SoEF 2010; SoEF 2015 and the Reference deﬁnition
established in COSTAction FP1001.The comments are related to the Reference estimation and include those aspects considered to estimate FAWS value implying that even this estimation
is not completely comparable between countries (e.g. productivity criteria is considered only in two countries). The last column indicates in which countries the Cost Action FP1001 has







Comments Inﬂuence cost action FP1001
Iceland 97 52 44 Yes. New ﬁeld data sampling on restriction of
FAWS
Ireland n/a 84 84 Yes. Deﬁnition established during the Action
FP1001 (2012)
Romania 79 79 80 79% based on management planning data
80% based on NFI data
Yes. New variables considered in assessing
FAWS in NFI.
Portugal 53 66 62 Accessibility and recreation not considered Yes. Inclusion of new restrictions in the
estimation
Spain 82 80 70 Accessibility and recreation not considered Yes. Inclusion of new restrictions in the
estimation
Sweden 72 71 70 Productivity (1m3/ha) is included as a legal and economic
restriction
Yes. Inclusion of new restrictions in the
estimation
Switzerland 97 96 96 Social restrictions not considered. Only protected areas are
excluded from FAWS
Yes. Deﬁnition established
28 I. Alberdi et al. / Forest Policy and Economics 70 (2016) 20–29affected) international reporting. Figures of FAWSprovided in the inter-
national reporting seem to be greater than the ones obtained applying
theharmonized deﬁnition. The reason for this lower valuewhen consid-
ering the reference deﬁnition is in most of the countries the consider-
ation of additional restrictions and therefore the exclusion of greater
forest area. Variables having a signiﬁcant impact on wood supply were
analysed and clariﬁed for those countries able to work towards data
harmonization at European level (NFIs). However, further harmoniza-
tion efforts are needed as it has been evidenced (Table 4), particularly
regarding social and economic restrictions.
An alternative approach for accounting for “signiﬁcant impacts on
wood supply” when estimating FAWS could be achieved based on the
proportion of wood resources utilised. For instance, in Lithuania it has
been observed that different groups of FNAWS show different intensity
of wood use (gross increment divided by annual fellings) (OECD, 2013)
from 0% up to 20%. In total, the wood used from FNAWS is three times
lesswhen compared to FAWS. This example shows, that “signiﬁcant im-
pacts of wood supply” or intensity of wood use can be different not only
for different countries, but also for different forest categories within the
same country. Until now, not all NFIs are able to provide appropriate
data. Due to further NFI developments, it can be assumed that the num-
ber of NFIs able to provide such data will increase.
The proposed deﬁnition is of major importance for any kind of
modelling of the European Forest and therefore for decision makers
and forest related policies, particularly in light of future scenario within
the EU which highlights a deﬁcit in wood supply (Scarascia-Mugnozza
and Pisanelli, 2008). Considering the relevance of FAWS estimation to
set targets for biomass and energy, for global change mitigation and
onwood resources strategies, further analysis should be doneundertak-
en to ensure the adoption of a harmonized deﬁnition for FAWS.
5. Conclusions and recommendations
Currently estimates of FAWS are not easily comparable but new in-
ternational goals, targets and instruments will require robust, up-to-
date and harmonized data. A reference deﬁnition for FAWS has been
proposed in this paper under the framework of the COST Action
FP1001,with the aim of reducing ambiguity in the existing national def-
initions and increasing the comparability of estimates made available
for international reporting. The proposed reference deﬁnition deﬁnes
principles and determines the different restrictions limiting wood
supply.
Notwithstanding the proposed reference deﬁnition, there still re-
mains a need for further analysis to investigate the relevance of different
restrictions and their thresholds. Case studies are required to determine
the thresholds for deﬁning the nature and aim of silviculturalinterventions, and thus, the inclusion or exclusion of forest areas such
as ‘protective forest’ and ‘recreational areas’ as FAWS. Nowadays it is
necessary for countries to specify their own thresholds as they may
vary depending on national peculiarities. However, for transparency's
sake, the restrictions and thresholds should be recorded when
reporting. An alternative approach to the proposed reference deﬁnition,
through the evaluation of wood use (gross increment divided by annual
fellings), has been proposedwhich could avoid some of the current har-
monization problems as the “signiﬁcant impact of wood supply” would
be quantiﬁed.
It isworth noting that the ‘protected area’ restriction can be reported
for most countries and would provide the most consistent information
currently available. However, the protection classes classiﬁed as
FAWS/FNAWS by individual countries vary greatly and should be de-
clared when reporting. A possible solution for this problem could
build on the pan-European classiﬁcation of protected areas (MCPFE,
2003), which focuses on the level of intervention.
The reﬁnement of the FAWS/FNAWS deﬁnition does not automati-
cally guarantee improvement in the data reported. The new deﬁnition
has to be incorporated into international forest monitoring processes
and further guidance has to be developed in conjunction with interna-
tional experts.
Finally, it is important to highlight that greater emphasis should be
put on the interpretation of data and their use by decision/policy
makers. A closer link between the end users and data providers to dis-
cuss the reported values will help ensure the data are correctly
interpreted.
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